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doi:10.1Objective: This study applied a computer-controlled mechanical stapler to vascular end-to-end anastomosis to
achieve an automatic aortic anastomosis between the aorta and an artificial graft. In this experimental study, we
created a mechanical end-to-end anastomotic model and assessed the strength of the anastomotic site under high
pressure.
Methods:We used a computer-controlled circular stapler named iDrive (PowerMedical Interventions, Covidien
plc, Dublin, Ireland) for the anastomosis between the porcine aorta and an artificial graft. Then the mechanically
stapled group (group A) and the manually sutured group (group B) were compared 10 times, and we assessed the
differences at several levels of pressure.
Results: To use a mechanical stapler in vascular anastomosis, some special preparations of both the aorta and the
artificial graft are necessary to narrow the open end before the procedures. To solve this problem, we established
a specially designed purse-string suture for both and finally established end-to-end vascular anastomosis. The
anastomosis speed of group A was statistically significantly faster than that of group B (P<.01). The group
A anastomotic sites also showed significantly more tolerance to high pressure than those of group B.
Conclusions: The computer-controlled stapling device enabled reliable anastomosis of the aorta and the artifi-
cial graft. This study showed that mechanical vascular anastomosis with the iDrive was sufficiently strong and
safe relative to manual suturing. (J Thorac Cardiovasc Surg 2011;141:1265-9)E
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SThe quality of mechanical staplers has improved consider-
ably in recent decades, and staplers are now widely used in
gastrointestinal and thoracic surgery, especially in laparo-
scopic surgery and video-assisted thoracoscopic surgery.1,2
The mechanical stapler anastomosis technique has only
been used in the gastrointestinal and thoracic fields,
however, and there have been no reports of their use for
great vessels.3-5 Recently, some mechanical anastomotic
devices have become commercially available, such as the
PAS-Port or C-Port anastomosis systems (Cardica Inc, Red-
wood City, Calif) for coronary artery bypass grafting.6-9
Although mechanical staplers are widely used, they are
still not ideal tools, because they are associated with
frequent complications such as hemorrhage or oozing
from the staple line and even the partial or complete
fracture of staples.1,10-13
The SurgAssist system (PowerMedical Interventions, Cov-
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The Journal of Thoracic and Carcontrolled mechanical stapler.14-17 This system has made
breakthroughs relative to conventional mechanical staplers
in controlling the accurate placement of the cartridge,
controlling the closure of the stapler, and firing. Each
cartridge contains a programmed electronic device that
triggers the activation of the appropriate program in the
main microprocessor. The computer measures the thickness
of the tissue and selects an appropriate compression level.
We planned to apply this computer-controlled mechanical
stapler in vascular surgery to establish a safe, reliable, and
fast anastomosis between the aorta and an artificial graft.
During vascular surgery such as aortic arch replacement, the
important anastomosis between theaorta and the artificial graft
has to be performed in a deep andnarrowoperationfield, under
deep hypothermic circulatory arrest.18-22 One of the most
important issues in such vascular surgical situations is good
control of bleeding from the suture sites. Circulatory arrest
time, pump time, and deep hypothermia time all affect the
amount of bleeding from the anastomotic sites.18-22 Rapid
and reliable aorta–graft anastomosis might enable shortening
the circulatory arrest time, avoid the need for a deep
hypothermic state, reduce bleeding during vascular surgery,
and avoid other complications, such as cerebrovascular
accidents or respiratory complications.23-25 In this study, we
established a mechanical end-to-end anastomosis model be-
tween the porcine aorta and artificial vascular grafts with
a computer-controlled stapling device of the type used in gas-
trointestinal surgery. We report our evaluation of this novel
technique with regard to safety, strength, and feasibility.diovascular Surgery c Volume 141, Number 5 1265
Abbreviations and Acronyms
CS 25 ¼ circular stapler 25
DLU ¼ digital loading unit
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Anastomotic Device (iDrive)
We used the improved second-generation version of the SurgAssist
(PowerMedical Interventions) stapling system,which consists of a rigid ap-
plicator shaft and a staple cartridge with a knife blade, called the iDrive
(Figure 1). The iDrive is a type of Intelligent Surgical Instrument (Power
Medical Interventions) that is designed to transect, resect, and anastomose
tissue.14-17 It has a control unit, called the digital loading unit (DLU), to
control the accurate placement of the cartridge. Each DLU contains
a programmed electronic device that triggers activation of the appropriate
program in the main microprocessor. A self-contained computer micropro-
cessor and handheld control unit are incorporated into the iDrive body,
which combines with the DLU. The handheld control unit has 3 functions:
controlling accurate placement of the DLU by orienting the convenient tip
of the rigid, curved shaft, controlling closure of the stapler, and firing. The
full body length is 50 cm, and the total weight, including the battery, is 750
g. The diameter of the curved shaft is 16 mm. The whole main unit is reus-
able as many as 1500 times with routine autoclave sterilization.
The Controlled Tissue Compression System
The iDrive has another useful function in anastomosis, called the Con-
trolled Tissue Compression system. The Controlled Tissue Compression
system controls the power, which allows safe compression of tissue, re-
duces tissue trauma, and preserves microcirculation. Once the DLU is ap-
plied, the system first checks whether the tissue thickness is compressed to
within the firing range, with the tissue compression level determined by the
computer. The surgeon then pushes the firing button, without manual force
being applied to the stapler. If there is any problem, such as excessive tissue
thickness, the surgeon is alerted that the system is out of stapling range,
which ensures safety.14-17 We used a disposable circular stapler 25 (CS
25) as the DLU installed in the iDrive for this study. Clinically, the CS
25 is used for intestinal anastomosis. The outside diameter of the CS 25
is 25.4 mm, the knife diameter is 16.4 mm, and the CS 25 holds 20
titanium staples (Figure 1).FIGURE 1. General view of iDrive system (Power Medical Interventions,
Covidien plc, Dublin, Ireland) and Circular Stapler 25.
1266 The Journal of Thoracic and Cardiovascular SurEnd-to-End Anastomosis Model Between the Aorta
and the Artificial Vascular Graft
To evaluate this stapling device, we used ascending aortic specimens
from adult pigs of 50 to 60 kg in weight and used a zero-porosity vascular
graft. The pigs were treated according to the Guide for the Care and Use of
Laboratory Animals (www.nap.edu/catalog/5140.html) at the Takara-
machi Campus of Kanazawa University.
To accomplish the end-to-end anastomosis with the circular stapler,
a technique quite unlike circular anastomosis is necessary. First of all,
both the open ends to be anastomosed are greatly reduced in size with
purse-string sutures. In the center of each, a small aperture is maintained
to allow the connection of the cartridge and the anvil head. Then the anvil
head of the DLU is inserted into the almost closed end of the porcine aorta,
and the DLU is inserted into the almost closed end of the graft (Figure 2).
This allows end-to-end anastomosis to be accomplished almost exactly
around the line of aorta–graft contact.
Comparative Study
To evaluate the safety and strength of the mechanical stapling between
the aorta and the artificial vascular graft with the iDrive, we compared the
mechanically stapled group (group A) and the manually sutured group
(group B) 10 times. In group A, the ascending aortic specimens from the
adult pigs and the zero-porosity vascular grafts were anastomosed with
the iDrive connected to the CS 25. In group B, similar porcine ascending
aortic specimens and the same vascular grafts were manually anastomosed
with 4-0 polypropylene conventional continuous running sutures. In group
B, felt of the type used in standard vascular surgery covered the anasto-
motic site to reinforce it. We used each porcine aortic specimen only
once per experiment, because the diameter of the porcine aorta was so
small that the ascending aorta was only capable of undergoing mechanical
anastomoses. We compared these groups with regard to the speed and
stability of the anastomosis.
Pressure Study
We made a special box to assess the strength of the anastomotic site
(Figure 3). Two individual tubes were securely connected to this box to in-
fuse porcine blood and to monitor the inner pressure. The balloon of the
intra-aortic balloon pumping system was inserted from one side of this
box to create an inner pulsating pressure. After the graft was anastomosed
to the aorta either mechanically or manually, the end of the graft was se-
curely connected to this box from the opposite side of the intra-aortic bal-
loon pump. Then the aorta was crossclamped and the heparinized porcine
blood (100 U/kg) was infused, filling up the box.22 The anastomotic site
was subjected to a constant rate of increase in intraluminal pressure, which
was continuously recorded by a separate intraluminal pressure transducer
connected to the box. During pressure examination, we evaluated the
strength of the anastomosed site in 2 respects: (1) volume of leakage
from the anastomotic site under high pressure and (2) amount of pressure
causing disruption of the anastomotic site.
The amount of the leakagewasmeasured under continuous high pressure
(100, 150, and 200mmHg) for 5minutes. After this, the intra-aortic balloon
pump system was started, and the amount of leakage under pulsating high
pressure (as much as 150 mmHg) for 15 minutes was measured. In the dis-
ruption examination, wemeasured both the pressure point at which spurting
leakage began and the explosion pressure point at which the anastomotic
site blew out. The roller pump, used in cardiovascular surgery, infused
the porcine blood at a constant rate (500 mL/min), whereas intraluminal
pressure was continuously monitored to 700 mm Hg (Figure 4).
Statistical Analysis
All data are expressed as mean  SD. Comparative analysis was per-
formed with the Mann–WhitneyU test with StatView software (SAS Insti-
tute, Inc, Cary, NC).gery c May 2011
FIGURE 2. General view of automatic aortic anastomosis iDrive (Power Medical Interventions, Covidien plc, Dublin, Ireland).
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Before the comparative study, we established an end-to-
end anastomosis method with the computer-controlled cir-
cular stapler. Before the mechanical stapling, we tried to
convert the artificial graft. The continuous running suture,
alongwith the condition of the graft, necessitated converting
the open end to an almost blind end with 2-0 polypropylene.
After several attempts, the best suturing method was found.
For the porcine aorta, a continuous running suture was
made, in a similar manner, with a 3-0 polypropylene suture.
The porcine aorta was so elastic that converting it was easier
than converting the grafts. The vascular thickness of the por-
cine aortawas 1.57 0.33mm, and the diameter of the anas-
tomosis site was 17.4  1.6 mm. While the purse-stringFIGURE 3. Special box to assess anastomotic site strength with intra-
aortic balloon pump (IABP).
The Journal of Thoracic and Carsuture tests were being done, we tried simultaneousmechan-
ical stapling between the aorta and the graft with the iDrive
connected to the CS 25. The success rate of the mechanical
stapling was 92% (34/37), and the main cause of misfires
was considered to be graft wrinkles.Wemade every possible
effort to prevent the formation of wrinkles, and finally no
misfires occurred. Repeated practice with purse-string su-
tures enabled us to master the technique eventually. After
thorough preparation, we performed a comparative study.Anastomosis Time
In group A, the time required to finish preparation of the
porcine aorta was 126  34 seconds, and preparation of the
artificial graft took 132 28 seconds. Stapling took exactlyFIGURE 4. Pressure examination.
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chanical stapling was 259  2 seconds. In group B, the
time required to complete the manual suturing was 722 
113 seconds. The anastomosis speed of group Awas statis-
tically significantly faster than that of group B (P<.01).
Leakage Examination
The amounts of bleeding from the anastomotic site under
continuous high pressure for 5minutes in groupsA and B, re-
spectively, were 1.0 0.7 mL and 10.6 7.2 mL at 100 mm
Hg, 1.6 0.7mLand16.7 6.5mLat 150mmHg, and 5.0
4.1 mL and 29.7 15 mL at 200 mm Hg. Under continuous
pressure, group Awas significantly superior to group B in all
situations (P¼ .001, P¼ .001, and P¼ .005 under 100, 150,
and 200 mm Hg of pressure, respectively). The amounts of
bleeding during 15minutes under pulsatile pressure (pressure
range, 90–150 mm Hg) were 5.4  4.3 mL in group A and
22.5  12 mL in group B. Under pulsatile pressure, group
Awas significantly superior to group B (P ¼ .025).
Disruption Examination
The pressures under which spurting leakage began were
440 98 mmHg in group A and 332 84 mmHg in group
B. The explosion pressures were 601 82 mm Hg in group
A and 634  118 mm Hg in group B. The spurting leakage
pressure level of group Awas significantly higher than that
of group B (P ¼ .019), but the explosion pressure levels of
the groups were almost identical (P ¼ 0.17).
DISCUSSION
In this study, we demonstrated a safe and feasible mechan-
ical aortic anastomosis between the porcine aorta and a vascu-
lar graft with computer-controlled automatic anastomosis
devices.We set out to develop amore efficient, safe, and rapid
means of end-to-end vascular anastomosis with a new style
of approximation of the ends of the vessels, almost closed
by purse-string sutures and finalized by an anvil head
and cartridge. The development of stapling devices has
been remarkable in recent years.1 It is said that the staplingde-
vice is superior to hand-sewn sutures not only in anastomosis
speed but also in precision of anastomosis.3-5 In both
gastrointestinal and thoracic surgery, minimally invasive
surgery has been achieved with a variety of stapling devices,
and even in cardiac coronary surgery automatic anastomotic
devices are being actively developed and applied clinically,
partly to improve myocardial revascularization.6-9 In
vascular surgery, however, there is as yet to the best of our
knowledge no clinically used device. This examination was
an attempt to develop the first such clinically useful
instrumentation for endoscopic vascular surgery.
There are some problems regarding the introduction of
a stapling device in aortic anastomosis. First, the best way
to use the stapling device for end-to-end anastomosis re-
mains unclear. Second, it is uncertain whether anastomosis1268 The Journal of Thoracic and Cardiovascular Surof the vessel by inverted suture creates adverse results, such
as stenosis or thrombosis, at the anastomotic site. These con-
siderations have thus far limited the use of automatic anas-
tomotic devices for the aorta. To solve the former problem,
we adopted a specially modified purse-string suture for both
the aorta and the artificial graft. We carefully considered the
bite and the thickness of the purse-string sutures, and finally
the most appropriate suturing method was achieved to con-
vert the open end to an almost closed end. An important is-
sue with regard to the purse-string sutures for the graft is
how to avoid wrinkles. If the graft is wrinkled, a uniform in-
terface between the aorta and the graft cannot be achieved,
and misfire occurs. In this study, the porcine aortic speci-
mens were sufficiently elastic and free from arteriosclerotic
change that converting their ends was relatively easy. There
may be limitations concerning the purse-string suture for
arteriosclerotic aorta, however, as it is unclear whether the
samemethod could be applied because of the lack of elastic-
ity. Further study of arteriosclerotic aorta models (eg, in
cadavers) is required to answer this question.
In this study, the amounts of bleeding from the mechani-
cally stapled sites were significantly less than those from
the manually sutured sites in all cases.We also found the me-
chanically stapled sites to have better pressure resistance.
These differences are related to the anastomotic method. In
the mechanically stapled sites, the connecting part between
the aorta and the artificial graft protruded into the inner lumen;
therefore, the sutured pinhole did not face the surface. If intra-
luminal pressure increased in the mechanically stapled site,
the connecting parts of the aorta and the graft adhered more
strongly; however, in the manually sutured sites the pressure
dilated the sutured pinhole. This difference in connecting
style created a significant amount of resistance to leakage
and pressure in the mechanically sutured anastomoses.
The protruding part of the mechanical anastomosis made
a narrow segment in the lumen that hindered blood flow. In
this study, the protruding parts, the so-called anastomotic
lips, were only 1 to 2 mm.Wemeasured the minimum diam-
eter of anastomotic site with a specially designed spherical
scale. The diameter of porcine aorta was 18  0.9 mm, and
the minimum diameter of anastomotic site was 17.8  1.4
mm. Thus the degree of stenosis was only 6% and would
not affect the systemic arterial blood flow. Yoshida and col-
leagues26 reported histologic examination of the anastomotic
site with a computer-controlled circular stapler that used the
first SurgAssist system. Even though their mechanically sta-
pled anastomosis method was end-to-side, their specimens
from anastomotic sites showed good incorporation with the
endothelial coverage and were free from stenosis. Their re-
port suggested the histologic feasibility and safety of me-
chanical stapling between the aorta and the graft. Although
we did not examine histologic findings in this study, we spec-
ulate that there may be no great histologic difference be-
tween end-to-end anastomosis and end-to-side anastomosis.gery c May 2011
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end-to-end anastomosis of the aorta and artificial grafts. Be-
cause this new device automatically assesses the thickness
and the quality of the anastomosis site before firing, more
reliable and safe stapling was achieved than with conven-
tional stapling devices. There remain some issues, however,
concerning the future use of these stapling devices to per-
form aortic anastomoses. In this study, when a circular
DLU was removed from an anastomotic site after firing, re-
sistance was felt. This resistance is due to the anastomotic
lips, which lack the flexibility of an artificial graft. In our
study, not only the stapling setting for the binding interval
between the anvil and the cartilage but also the size of the
staples themselves were appropriate for the stomach and in-
testines. In mechanical stapling of the aorta, the optimal set-
tings remain to be determined. Further development of
artificial grafts is desirable for end-to-end anastomosis. In
this study we made purse-string sutures to convert the
open end to an almost blind end. If a special artificial graft
dedicated to this mechanical stapling system were avail-
able, these techniques would be unnecessary, and graft
wrinkles might be avoidable. If such artificial graft develop-
ments prove too difficult to achieve, another preparation
method might be possible, such as transformation of the ar-
tificial graft by heat. Such graft developments might lead to
more stable mechanical vascular stapling.
CONCLUSIONS
The computer-controlled stapling device enabled the re-
liable anastomosis of the aorta and the artificial graft. In this
study, the stapling technique was strong and safe relative to
manual suturing, and we believe that this rapid and reliable
anastomotic method could revolutionize vascular surgery.
Further developments in automatic anastomotic devices
and artificial grafts for this kind of aortic surgery are likely
to be of great importance in this field.
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